Gram-stain-negative, aerobic, halophilic bacteria, designated SCM-1 T , LCM10-1 and CTBL-B-147, were isolated from modified half-strength SWM-III medium, PES medium and thalli after laboratory cultivation of a red alga, Porphyra yezoensis. Phylogenetic analysis of 16S rRNA gene sequences indicated that the new isolates were affiliated to the genus Sulfitobacter of the class Alphaproteobacteria, and the 16S rRNA gene sequence similarity of the new isolates with the closest related species, Sulfitobacter mediterraneus CH-B427 The genus Sulfitobacter of the family Rhodobacteraceae in the class Alphaproteobacteria was described by Sorokin (1995) and currently includes nine species (http://www. bacterio.net/) that have been isolated from the H 2 S-O 2 interface of the Black Sea (Sorokin, 1995), a hyper-saline lake (Labrenz et al., 2000) , starfish and sea grass (Ivanova et al., 2004) . During the taxonomic investigation of the bacterial population in a laboratory-cultured red alga, Porphyra yezoensis, three bacteria designated SCM-1 T , LCM10-1 and CTBL-B-147 were isolated. In this study, we describe the polyphasic taxonomic study of the new isolates.
The genus Sulfitobacter of the family Rhodobacteraceae in the class Alphaproteobacteria was described by Sorokin (1995) and currently includes nine species (http://www. bacterio.net/) that have been isolated from the H 2 S-O 2 interface of the Black Sea (Sorokin, 1995) , a hyper-saline lake (Labrenz et al., 2000) , starfish and sea grass (Ivanova et al., 2004) . During the taxonomic investigation of the bacterial population in a laboratory-cultured red alga, Porphyra yezoensis, three bacteria designated SCM-1 T , LCM10-1 and CTBL-B-147 were isolated. In this study, we describe the polyphasic taxonomic study of the new isolates.
Thalli of P. yezoensis U-51 were cultured in sterile, modified half-strength SWM-III medium (Ogata, 1970) at 17 u C for 5 weeks or in sterile PES medium (Provasoli, 1968) at 18 u C for 6 weeks. Samples of the modified halfstrength SWM-III medium, PES medium and thalli were plated on marine agar 2216 (MA; BD) and 10-fold diluted MA (1/10 MA), and then incubated at 20 u C for 2 weeks. Strain SCM-1 T was isolated on MA from the modified half-strength SWM-III medium, and strains LCM10-1 and CTBL-B-147 were isolated on 1/10 MA and MA from the thalli cultured in modified half-strength SWM-III The 16S rRNA gene was amplified by PCR using universal primers 27F and 1492R (Lane, 1991) . Most of the 16S rRNA gene sequences (1321 bp) of both DNA strands in the new isolates were determined by using five sequencing primers (27F, 800F, 530R, 920R and 1492R) (Lane, 1991; Satomi et al., 1997) and a DNA sequencer (model 3100; Applied Biosystems). The 16S rRNA gene sequences of the new isolates were used to conduct a BLAST search (Altschul et al., 1990) , and the 16S rRNA gene sequences of the members of the genus Sulfitobacter and representative members of the family Rhodobacteraceae were obtained from the GenBank database. After the sequences of the new isolates were aligned with those of the representative organisms using CLUSTAL X version 1.8 (Thompson et al., 1997) , phylogenetic analysis was carried out using MEGA version 5.0 (Tamura et al., 2011) . Alignment gaps and unidentified base positions were not considered in the calculation. Phylogenetic trees were reconstructed by using the neighbour-joining (NJ), maximum-likelihood (ML) and maximum-parsimony (MP) algorithms using MEGA version 5.0. The phylogenetic tree generated by using the three analyses showed that the new isolates were located in a clade of the genus Sulfitobacter, and the closest phylogenetic neighbour of the three isolates was Sulfitobacter mediterraneus CH-B427 T (Fig. 1) . The 16S rRNA gene sequence of strain SCM-1 T showed 100 % similarity to those of two strains, LCM10-1 and CTBL-B-147. The 16S rRNA gene sequence of strain SCM-1 T was most closely related to those of Sulfitobacter mediterraneus CH-B427 T (98.8 % similarity) and other members of the genus Sulfitobacter (97.1-98.7 %).
Genomic DNAs of the new isolates and other type strains of the genus Sulfitobacter were prepared as described by Marmur (1961) . The DNA G+C contents of the new isolates and Sulfitobacter mediterraneus JCM 21792 T were determined by HPLC in accordance with the protocol described by Tamaoka & Komagata (1984) . DNA-DNA hybridization among the new isolates and other type strains of species of the genus Sulfitobacter was carried out using photobiotin-labelled DNA probes of strain SCM-1 T and Sulfitobacter mediterraneus JCM 21792 T as described by Ezaki et al. (1989) . The DNA G+C contents of strains SCM-1 T , LCM10-1, CTBL-B-147 and Sulfitobacter mediterraneus JCM 21792 T were 61.4, 62.3, 62.2 and 57.6 mol%, respectively. The DNA G+C contents of the new isolates were similar to those of the other members of the genus Sulfitobacter described in previously published data (55.0-63.7 mol%) (Labrenz et al., 2000; Ivanova et al., 2004) . The DNA-DNA relatedness of the new isolates and other species of the genus Sulfitobacter are shown in Table  1 . The DNA-DNA hybridization values among strains SCM-1 T , LCM10-1 and CTBL-B-147 were in the range of 97.3-98.4 %, suggesting that the new isolates represented the same species (Wayne et al., 1987) . The DNA hybridization results of strain SCM-1 T and the other species of the genus Sulfitobacter revealed that the hybridization values were less than 15.9 %, indicating that strain SCM-1 T represented a different species from the other type strains of the genus Sulfitobacter (Wayne et al., 1987) .
Phenotypic tests were performed using the new isolates and Sulfitobacter mediterraneus JCM 21792
T at 30 uC and 25 u C, respectively. Cell morphology, presence of flagella and rosette formation capability of the MB cultures were assessed using a transmission electron microscope (JEM-1200EX II; JEOL). Cell size, motility and Gram-staining (Gram stain B&M; Merck) of the MB cultures were measured by using a light microscope (BX50; Olympus). Colony morphology was determined on MA. The results of the following phenotypic tests were determined after 2 weeks of incubation, unless otherwise described. Anaerobic growth was examined on MA using Anaero Pack (Mitsubishi Gas Chemical). Bacterial growth was assessed at temperatures in the range of 5-40 u C (at intervals of 5 u C) on MA and at pH values in the range of pH 4.0-10.0 (at intervals of 1 pH unit) in MB. The media pH was adjusted using NaOH and HCl solutions before and after the media were autoclaved. The growth ability at different NaCl concentrations (0-10 % at intervals of 1 %, w/v) was determined by using artificial seawater medium containing NaCl (at aforementioned concentrations), 5 g peptone, 1 g yeast extract and 0.1 g ferric citrate per litre of NaCl-free 75 % artificial seawater (75 % ASW). 100 % ASW contained (l 21 ) 30 g NaCl, 0.7 g KCl, 5.3 g MgSO 4 . 7H 2 O, 10.8 g MgCl 2 . 6H 2 O and 1.3 g CaSO 4 . 2H 2 O. Oxidase activity test (Oxidase reagent; bioMérieux), catalase activity test (3 %, v/v, H 2 O 2 ), methyl red and Voges-Proskauer reactions (Nissui Pharmaceutical), and H 2 S and indole production tests (Eiken Chemical) were performed. Degradation of agar, alginate, DNA, starch, and Tweens 20, 40 and 80 was examined by using MA as the basal medium in accordance with the protocols of Smibert & Krieg (1994) and Sawabe et al. (1995) . Additional biochemical tests were performed using API 20NE, API ZYM and API 50CH systems (bioMérieux) and bacterial cell suspension prepared in 75 % ASW. The result of API ZYM was determined after 1 day of incubation. The API 50CH system was used to perform a test for utilization of carbon compounds using basal medium broth (Baumann et al., 1972) supplemented with 0.1 % (w/v) yeast extract. An acid production test was performed using equal volumes of API CHB medium (bioMérieux) and 100 % ASW supplemented with 0.1 % (w/v) yeast extract. Antibiotic susceptibility was determined by the disc diffusion method using 18 different antibiotic discs (Eiken Chemical; Becton Dickinson) and MA, and the growth inhibitory zone was measured. The antibiotics that the bacteria were susceptible to produced inhibitory zones of at least 10 mm (Alain et al., 2008) . The morphological, phenotypic and biochemical characteristics are given in the species description. The new isolates differed in 26 characteristics such as growth at pH 4.0, growth with 9 % NaCl, hydrolysis of DNA and Tween 80, utilization of eight carbon compounds, acid production from 11 carbon Stappia aggregata IAM 12614 T was used as an outgroup. The tree was reconstructed using the NJ method with Kimura's twoparameter model (Kimura, 1980) . Bootstrap values (.70 %) based on 1000 replications are indicated at nodes. Filled circles indicate the nodes that were found in the NJ, MP and ML trees; open circles indicate the nodes that were found in either the MP or ML tree. Bar, 0.01 substitutions per nucleotide position. T were determined on the basis of 35 characteristics, including the presence of flagellum, rosette formation, motility, growth at 35 u C, growth at pH 5.0 and 9.0, growth with 6-8 % NaCl, hydrolysis of DNA, Tweens 40 and 80, aesculin and gelatin, utilization of eight carbon compounds, acid production from 10 carbon compounds and susceptibility to amikacin, kanamycin and vancomycin (Table 2) .
Cell pigments from the new isolates and Sulfitobacter mediterraneus JCM 21792 T grown in MB at 30 u C for 3 days and at 25 u C for 4 days were extracted with acetone/ methanol (7 : 2, v/v) (Biebl et al., 2005) . The absorption spectrum was measured at wavelengths of 300-900 nm with a spectrophotometer (U-2000A; Hitachi). Respiratory quinones, polar lipids and cellular fatty acids were extracted from stationary-phase cells of the new isolates and Sulfitobacter mediterraneus JCM 21792 T grown on MA at 30 u C for 3 days and at 25 u C for 4 days. The respiratory quinones extracted with chloroform/methanol (2 : 1, v/v) and purified by TLC were analysed using HPLC, as described by Akagawa-Matsushita et al. (1992) . Polar lipids were extracted by the method described by Minnikin et al. (1984) and were identified by two-dimensional TLC as described by Minnikin et al. (1984) and Komagata & Suzuki (1988) . The fatty acid methyl esters (FAMEs) were extracted in accordance with the protocol published by Ikemoto et al. (1978) and were then injected into a gas chromatograph (GC-2010; Shimadzu) equipped with a 
D-Xylose, adonitol, fructose, aesculin ferric citrate, D-lyxose
capillary column (Omegawax 320; Supelco). The detected peaks were first identified by the equivalent chain-length (ECL) using standards of FAME mixture (Supelco). The FAMEs were converted into 4,4-dimethyloxazoline (DMOX) derivatives to determine the position of unsaturation, as described by Luthria & Sprecher (1993) . Furthermore, the FAMEs and DMOX derivatives representing greater than 1 % of the total were identified using GC-MS (HP 5973N; Agilent Technologies). Extracted pigments did not exhibit an absorption peak corresponding to that of carotenoid or bacteriochlorophyll a (Biebl et al., 2005) . The predominant quinone type of the new isolates (91.3-95.0 %) and Sulfitobacter mediterraneus JCM 21792 T (93.0 %) was identified as ubiquinone-10. The polar lipid profiles revealed that the new isolates and Sulfitobacter mediterraneus JCM 21792 T had phosphatidylcholine, phosphatidylglycerol, an unidentified amino lipid (AL1) and an unidentified lipid (L1) as major polar lipids (Fig. S1 , available in IJSEM Online). The amount of phosphatidylethanolamine of the new isolates was less than that of Sulfitobacter mediterraneus JCM 21792 T . Diphosphatidylglycerol and an unidentified amino lipid (AL2) were only detected in the new isolates, while an unidentified phospholipid (PL2) was detected in strain CTBL-B-147. In previous studies, the polar lipids of members of the genus Sulfitobacter also commonly included phosphatidylcholine, phosphatidylethanolamine and phosphatidylglycerol (Labrenz et al., 2000; Ivanova et al., 2004) . The major fatty acids (.10 % of the total) of the new isolates in order of decreasing abundance were C 18 : 1 v7c, C 19 : 1 v7c and C 16 : 0 (Table 3) . The presence of C 18 : 1 v7c, C 16 : 0 and C 10 : 0 3-OH in the FAME profiles of the new isolates was similar to those of members of species of the genus Sulfitobacter (Pukall et al., 1999; Labrenz et al., 2000; Ivanova et al., 2004) . Unlike Sulfitobacter mediterraneus JCM 21792 T , the new isolates had C 19 : 1 v7c, C 12 : 1 3-OH and unknown fatty acids (ECL 18.104, 20.299, 21.202, 21.312 and 22.137) and did not have C 18 : 2 v7,13c.
In conclusion, 16S rRNA gene sequence analysis, DNA G+C content determination, and chemotaxonomic data of quinone systems, polar lipids and fatty acids demonstrated that the new isolates were representatives of the genus Sulfitobacter. However, strain SCM-1 T could be differentiated from the phylogenetically closest related species Sulfitobacter mediterraneus JCM 21792
T on the basis of 35 morphological and phenotypic features, as well as the polar lipid profile and FAME profile. Thus, on the basis of the polyphasic taxonomic analysis, the new isolates are identified as representatives of a novel species in the genus Sulfitobacter, for which the name Sulfitobacter porphyrae sp. nov. is proposed.
Description of Sulfitobacter porphyrae sp. nov.
Sulfitobacter porphyrae (por.phy9rae. N.L. gen. n. porphyrae of Porphyra, isolated from Porphyra yezoensis). ), was isolated from the algal medium of the red alga Porphyra yezoensis. The DNA G+C content of the type strain is 61.4 mol%. The reference strains are LCM10-1 (5LMG 271115NBRC 109055) and CTBL-B-147 (5LMG 27112 5NBRC 109053).
